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Outline

•Pathology and pathogenesis of dialysis vascular access 
dysfunction with a focus on AVF maturation failure 

•Novel biotechnology and bioengineering solutions for 
dialysis vascular access dysfunction 

•Policy and process of care pathways to improve dialysis 
vascular access care (AVF maturation) 

•Messages for the future!!



Radiological presentation of dialysis vascular access 
dysfunction
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Roy-Chaudhury et al. AJKD 2007

• Aggressive venous neointimal
hyperplasia

• Smooth muscle cells and myofibroblasts
that migrate in from the media and 
perhaps the adventitia as a result of 
vascular (hemodynamic) injury

• Inward remodeling or at least a lack of 
outward remodeling

• Both the NH and inward remodeling 
made worse by the inflammation, 
oxidative stress and endothelial 
dysfunction that is present in our 
CKD/ESRD patients

Histological presentation of AVF maturation failure



Negative remodeling may be more important than 

neointimal hyperplasia

Vasquez-Padron et al. 2016

AVFs with a lot of 
neointimal

hyperplasia are a 
SUCCESS

AVFs with 
minimal 

neointimal
hyperplasia FAIL



Tissue Engineered Grafts for Vascular Access

Dahl et al. Science Translational Medicine 2011

One Bank of Allogeneic 

Donor  Cells

Many Grafts 

and Recipients

Banked Cells from 

One Donor



16	weeks	

55	weeks	

CD	68	 SMA	 CD	31	

• Equivalent primary patency

• Good secondary patency

• Active recellularizationLawson et al. 

Lancet 2017

Tissue Engineered Grafts for Vascular Access

Results of the Phase III HUMANITY trial are 
pending



Elastin fragments

Vonapanitase
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Vonapanitase: a recombinant elastase for AVF maturation

Courtesy Steve Burke; 

Proteon Therapeutics



Vonapanitase: a recombinant elastase for AVF maturation
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Far Infra Red Therapy (Rationale)

• Increases HO-1 and reduces oxidative stress

• Decreases inflammation by reducing MCP-1

Lin et al. ATVB 2008



Far Infra Red Therapy improves AVF maturation

Lin et al. AJKD 2013

•22% increase 
in clinical 
maturation at 
12 months!



Far Infra Red Therapy in use!



The “Achilles Heel”: 60-80% of incident hemodialysis 

patients start dialysis with a catheter! 

• 5 fold greater 

mortality in first 90 

days on HD

• Disgraceful!!

• Not a failure of 

technology or 

biology

• Dismal failure of 

communication and 

logistics!!

• Process of Care

USRDS 2008

82%

62%



Catheters kill patients!

CVC

HD/PD

Peak mortality rate with a CVC in 1st 90d = 70 per 100 patient years

Peak mortality rate with an AVF in 1st 90d = 15 per 100 patient years

Perl et al.  JASN 2011

5 fold increase in mortality
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Huge reduction in morbidity and mortality if every 
patient starting hemodialysis had a functional AVF

GP/PCP 
Early referral to 

nephrologist

Vein preservation (GFR = 30)
Refer for mapping and 

surgery (GFR = 20)

Surgeon 
decision

on type of AVF

Placement of
AVF in the OR

AVF follow 
up at 4-6 

weeks

Referral for 
angioplasty/surgery 

as needed

? Ready to 
use; Expert 
cannulator

Successful
AVF



Surgeon 
decision

on type of AVF

Placement of
AVF in the OR

AVF follow 
up at 4-6 

weeks

Referral for 
angioplasty/surgery 

as needed

? Ready to 
use; Expert 
cannulator

Successful
AVF

Vein preservation (GFR = 30)
Refer for mapping and 

surgery (GFR = 20)

Process of Care barriers at each of these steps

GP/PCP 
Early referral to 

nephrologist



USRDS 2010 ADR

Access use at first outpatient dialysis, 
by pre-ESRD nephrology care, 2008
Figure 3.1 (Volume 2)

Incident hemodialysis 

patients, 2008.
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Why 40% catheter starts even if seen by a 
nephrologist for > 12 months? 

• Late referral by 
nephrologists to surgeons

• Unpredictability of when 
patients will start HD

• Non-acceptance of the 
need for HD

• Need for more resources 
(specifically access 
coordinators) so that we 
can develop coordinated, 
integrated access care 
programs in the CKD 
phase

Lopez-Varga et al. Am J Kidney Dis 2011

Lee, Roy-Chaudhury, Thakar Am J Kidney Dis 2011

Battle for dialysis vascular access will be won 
or lost in the CKD stage



Surgery

•Good surgeon

•Full range of vascular access 
procedures (from difficult 
catheters to transpositions to 
grafts)



Good Surgeon
•Interested, dedicated and committed

•Wisdom to make a judgement call 
about being able to place the right 
access in the right patient at the right 
time

•We need “judgement calls” because we 
don’t have adequate predictive data



•NIH funded prospective observational cohort study

•7 centers; 602 participants

•Single stage AVF creation

•Pre-operative, intra-operative and post-operative data 
collection

•AVFs followed up till abandonment

Hemodialysis Fistula Maturation Consortium: Can 

we predict whose AVF will fail?



Vascular anatomy and blood flow (FLOW)
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Vascular anatomy and blood flow (DIAMETER)
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Vascular anatomy and blood flow (DEPTH)
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Technology can Change Existing 

Clinical Paradigms!!

•Catheter without infection, thrombosis 
or central stenosis

•from Fistula First to Catheter First and 
Last!!



Individualizing Vascular Access Care
• Get away from the one size fits all 

construct that we currently work 
under

• Stratify patients based on both 
biological and clinical parameters

• Offer them the sort of vascular 
access that is best suited to them

• Future novel therapies will allow for 
such an individualized approach 

 Low Risk = Standard AVF

 Moderate Risk = AVF + 
drug/device or bioengineered 
vessel

 High Risk = Coated catheter! 



Many of the problems in vascular access are due to 
Process of Care Issues

Opportunities for LOCAL Process of Care Innovation

GP/PCP		
Early	referral	to		
nephrologist	

Vein	preserva on	(GFR	=	30)	
Refer	for	mapping	and	
surgery	(GFR	=	20)	

Surgeon	
decision	

on	type	of	AVF	

Placement	of	
AVF	in	the	OR	

AVF	follow	
up	at	4-6	
weeks	

Referral	for	
angioplasty/surgery	

as	needed	

?	Ready	to	
use;	Expert	
cannulator	

Successful	
AVF	
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Process of care innovation in vascular access is best 
done through a team approach

Dialysis

Unit

Nephrologist
Surgeon and

Interventionalist

VA

Coordinator



A Personal Viewpoint
• Complex patients

• Diabetes, HTN, heart attacks and strokes, 
amputations, legally blind

• Social and economic issues

• We cannot fix the vast majority of these 
problems

• We CAN fix their vascular access by 
combining advances in 
biology/bioengineering with novel 
technology and process of care 
interventions

• Make a huge difference both in their 
survival and quality of life
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Synchronizing biology and technology with 

the clinical need or setting

• Three times a week into a high tech medical environment

• Get them IN; get them ON; get them OFF; get them OUT

• Looking after their hearts and eyes and legs and psychosocial 
issues and vascular access 

• Dialysis unit into a HUB for clinical research and innovation 
with the dialysis unit itself being the unit of cluster 
randomization in pragmatic trials

• Huge opportunity to develop technologies that can be used in 
a positive manner during the dialysis visit itself (for both 
vascular access and ESRD care)



A message for the present!!

Don’t worry, I’ll find a good site soon!!

• Current modalities and 
therapies for dialysis 
vascular access are not 
very effective (1 year 
unassisted primary 
primary for AVFs and AVGs 
< 50% at one year)

• This results in widespread 
catheter use with all its 
attendant morbidity and 
mortality 

• Huge unmet clinical need 
that needs to be 
addressed



Courtesy S. Shenoy



Clinical patient level attributes

On Dialysis

Age

Female

Black

BMI

Diabetes

PAD

CAD 

Calcification

High Takeoff

Transposition

0.5       0.71     1.00      1.41       2.0

Unassisted Maturation (OR)

Courtesy Laura Dember



Novel Therapies

Endo-AVF DEB

Upstream
Vascular Injury

Downstream
Response to 

Vascular Injury
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